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A CASEWORK REVIEW OF SEXUAL ASSAULT EVIDENCE COLLECTION 
KIT SMEAR SLIDES RECEIVED BY BOSTON POLICE DEPARTMENT 
CRIME LABORATORY AND REPORTED TIME SINCE INTERCOURSE 
 
CASSANDRA A. SWART 
 
ABSTRACT 
In the field of forensic biology, the term “time since intercourse (TSI)” is used to 
describe the approximate time elapsed between an alleged sexual assault and the collection 
of a Sexual Assault Evidence Collection Kit (SAECK) from a victim. The estimation of 
TSI, or Post Coital Interval (PCI), can be crucial information for particular cases in which 
the time between offense and the collection of a SAECK is in question. Oftentimes, 
forensic scientists must evaluate the significance of biological test results from evidence in 
SAECKs, but the variability in current literature complicates interpreting these results. 
Developing a reliable framework to estimate TSI based on a more extensive review of 
forensic casework would provide investigators with a fundamental tool for estimating a 
general timeline in which the offense occurred. This information may play an important 
role in supporting or refuting a narrative, or weighing the significance of the evidence at 
hand.  
This study aims to develop a dependable framework for estimating TSI in living 
victims based on casework received by Boston Police Department (BPD) Crime 
Laboratory, Boston, MA. Additionally, this study seeks to determine if any significance 
exists between the victim’s reported post coital activities and the collection of evidence, 
including the presence of intact sperm cells. 
vi 
The need to expand research on estimating TSI for sexual assault victims using 
actual forensic casework is crucial to provide a more reliable method for TSI estimation, 
compared to previous studies, which have generally been based on fertility studies. 
Between the years of 2009 and 2017, over 1,800 reported SAECKs were submitted to the 
Boston Police Department for evidence processing. More than 500 of these kits met the 
qualifications for this study, including: a living victim, smear slides prepared by a medical 
professional, and the identification of sperm cells during original kit processing. In order 
to estimate TSI, the smear slides from these cases were microscopically examined for the 
presence of intact sperm cells with the aid of Kernechtrot Picroindigocarmine (KPIC) stain. 
Based on casework received by the BPD, the maximum TSI reported for observing 
intact spermatozoa on vaginal smear slides was 105 hours, with an average collection time 
of 15 hours. The maximum TSI in which intact spermatozoa were observed on anorectal 
smear slides was 17.75 hours, with an average collection time of 7.9 hours. The average 
collection time in which intact spermatozoa on oral smear slides were observed was 6.9 
hours, with a maximum reported TSI of 13.5 hours. Moreover, data from this study 
indicates a positive relationship between the total number of post coital activities 
completed before kit collection and the passage of time. 
Overall, this study provides reliable evidence based on actual casework samples for 
more accurately estimating the timeframe in which sperm evidence can be recovered after 
intercourse in living victims of sexual assault crimes. 
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1. INTRODUCTION 
1.1 Sexual Assault Crimes and Forensic Sciences 
The Rape, Abuse, and Incest National Networks estimates that every 98 seconds a 
person in the United States falls victim to some form of sexual assault.1 Although sexual 
assault can be considered a broad term, in the United States it is a legal term defined as 
vaginal, anal, or oral penetration by forceful threat or incapacitation, and the lack of 
consent.2 Sexual assault also includes “rape, unwanted genital touching, and even forced 
viewing or involvement in pornography.”2 The memories of victims of sexual assault may 
be exhausted as to the time and nature of the assault due to the stress of trauma on the brain. 
In these cases, the biological evidence in Sexual Assault Evidence Collection Kits 
(SAECKs) becomes invaluable.  
The estimation of time since intercourse (TSI) for sexual assault victims has long been 
a topic of interest in the forensic science community. Time since intercourse, often called 
post coital interval (PCI), is frequently defined as the time elapsed between the alleged 
assault and the collection of the SAECK, and is often estimated by the persistence of intact 
spermatozoa. Accurately estimating TSI may aid investigators and forensic scientists by 
creating a general timeline of events during which the assault occurred, may help support 
or refute a narrative from a victim or suspect, and can help with weighing the significance 
of evidentiary items at hand.  
The current study primarily focuses on smear slides contained in SAECK casework 
received by Boston Police Department (BPD) Crime Laboratory between the years of 2009 
and 2017. In Massachusetts, SAECK collection is provided at no cost to the victim and has 
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a standardized procedure for collection by a Sexual Assault Nurse Examiner (SANE) or 
emergency room medical personnel. During the collection of a SAECK, the SANE collects 
several forms of evidence and information surrounding the incident in question and 
administers the appropriate medical care.  
A majority of this evidence was used to complete the study in two phases. Phase I 
aimed to develop a reliable framework for estimating TSI in living victims based on 
casework received by BPD for vaginal, anorectal, and oral assaults. Phase II was completed 
to evaluate the relationship, if any, between the victim’s reported post coital activities 
completed before kit collection and the observation of intact spermatozoa on smear slides.    
 
1.1.1 Massachusetts Sexual Assault Evidence Collection Kit 
 A victim of sexual assault in Massachusetts may decide to have a SAECK collected 
in a medical facility or by medical personnel. SAECKs are provided to the victim at no 
cost, as the victim may receive financial assistance from the “Victim Compensation Fund.” 
Under Massachusetts law, a victim of sexual assault in Massachusetts may receive financial 
relief from physician and hospital fees when the collection kit is opened and victim 
information, such as their name, address, and date of birth, is sent to the Attorney General’s 
office.3 The collection of evidence and information about the victim and the assault is 
standardized, and is generally collected within 120 hours of assault.4 At any point during 
the medical examination and collection of evidence, which can take several hours to 
complete, the victim may choose to skip or refuse any portion of the exam. Victims over 
the age of 12 have evidence collected in an adult and adolescent sexual assault kit, while 
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those ages 11 and younger are subjected to pediatric kit collection.4 Massachusetts SAECK 
collection includes 17 steps usually completed by a SANE who has specialized training, 
certification, and expertise in examining and providing care to sexual assault victims. 
General SANE responsibilities during kit collection include: patient care, victim injury 
examination, documentation, evidence collection, maintenance of the chain of custody, and 
offering support resources (Table 1). 2.5 
In addition to documenting the nature of the assault, evidence is collected with the 
aim of later identifying a perpetrator’s deoxyribonucleic acid (DNA). If DNA not 
attributable to the victim is detected, this foreign DNA can be compared to reference 
samples obtain from consensual sexual partners and suspects if known or available. If this 
foreign DNA is of sufficient quality and quantity it can be entered into the Combined DNA 
Index System (CODIS) which may be able to identify the perpetrator of the assault. CODIS 
is a national database that contains uploaded DNA profiles found from crime scene 
samples, in addition to samples from known offenders and arrestees. In Massachusetts, a 
person must be convicted of a felony before their DNA profile is developed and uploaded 
to CODIS; however, this varies from state to state.  
The first step of kit collection in Massachusetts requires obtaining informed consent 
for the collection of evidence. During this step, victims are informed of their right to report 
the crime and initiate a police investigation. They are also advised that unreported kits are 
kept for a minimum of 15 years, after which the evidence will be disposed of. At any time 
during that 15 year period, a victim may choose to report the incident to police and initiate 
a police investigation. Minors under the age of 18 are allowed to give consent to the 
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forensic exam considering that sexual crimes may transmit disease, the victim may have a 
risk of pregnancy, or the perpetrator may be the patient’s parent or guardian.5  
As the exam progresses, toxicology testing may be completed if the kit is being 
collected during the first 96 hours of assault. Nurse’s discretion is used to complete 
toxicology testing if the victim presents symptoms such as confusion and loss of 
consciousness, or if the victim reports involuntary consumption of memory inhibiting 
substance(s).5  
The collection of biological evidence is dictated by the narrative of the assault. Oral, 
vaginal, external genital, perianal, and anorectal swabs may be collected through the 
simultaneous use of two swabs to collect evidence. Smear slides, the primary biological 
evidence component assessed in this study, are prepared by swabbing the area of alleged 
penetration (vaginal, anorectal, oral) with two cotton swabs, as tolerated by the patient. The 
two-swab combination is then promptly smeared over glass microscope slides, packaged 
in a protective case, and sealed in the kit. At the completion of kit collection, the kit is 
sealed and stored in a secure location until crime laboratory delivery.5 Cervical swabs are 
not collected during the collection of a Massachusetts SAECK. 
Other forms of forensic evidence collected in the standard Massachusetts SAECK 
include: a known blood sample, head and pubic hair combings, fingernail scrapings, 
foreign material collection (such as leaves or fibers), and clothing worn during the assault. 
A known blood sample is taken from the victim in order to obtain a single source DNA 
profile against which any other profiles developed may be compared. Blood samples are 
collected by a medical professional in a blood collection tube. An analyst in the forensic 
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laboratory deposits a portion of the blood onto a clean swatch of fabric to be used for DNA 
analysis. Additionally, foreign material may be collected as the victim undresses for the 
exam, and fingernail scrapings may be collected if the victim discloses they scratched the 
perpetrator during the incident or if any debris is present under the nails.2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6 
Table 1. Current Massachusetts SAECK standardized evidence collection steps. Often taking several hours to complete, SAECK evidence collection is standardized, although the patient may choose to skip or refuse any part of the exam at any time.   
Step Number Evidence Collected 
Step 1 Consent Form and Reports 
• Consent to collection of evidence 
• Obtain History of Assault 
• Assess and Document Injuries 
• Physical Examination 
• Evidence Collected Inventory List 
Step 2 Control Swabs  
Step 3 Toxicology Testing 
• Blood and urine specimen collection 
Step 4 Known Blood Sample 
Step 5 Head Hair Combings 
Step 6 Oral Swabs and Smears 
• Collected only if within 24 of assault 
Step 7 Fingernail Scrapings 
Step 8 Foreign Material Collection 
• Leaves, fibers, hairs, etc.  
Step 9 Clothing 
Step 10 Bite Marks 
Step 11 Additional Swabs 
• Trace evidence observed on patient (blood, semen, saliva) 
Step 12 Pubic Hair Combings 
Step 13 External Genital Swabs 
Step 14 Perianal Swabs 
Step 15 Vaginal Swabs and Smears 
Step 16 Anorectal Swabs and Smears 
Step 17 Completion of Forms 
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In April 2018, Massachusetts passed the Criminal Justice Reform Bill (S. 2371) 
placing strict regulations on the handling and analyzing of SAECKs.6 The passing of this 
bill exemplifies the importance and urgency of SAECK processing. Now that it is law, 
hospitals have 24 hours to notify law enforcement of a new kit. Law enforcement has 3 
days to take possession of an investigatory kit, and 7 days to deliver it to a crime laboratory. 
Most notably for the laboratory staff, the crime laboratory has 30 days to complete testing 
on the kit. Additionally, any cases in which testing has resulted in the generation of a 
foreign DNA profile must be loaded into the state and or national levels of CODIS, 
provided the profile qualified for database entry. Another regulation outlined in this bill 
requires the creation of a kit tracking system. Analysts at BPD are currently working with 
a team of investigators to generate a kit tracking system that would provide victims the 
ability to follow the status of their SAECK. Kit tracking may serve to be extremely 
beneficial to the victim and is already in use in other states, such as Idaho and 
Washington.7,8  
An increase in the number of sexual assault cases submitted to the laboratory is 
expected as a result of the passage of S. 2371. Considering the stringent policies outlined 
in this law, it is imperative that laboratories have an efficient and reliable method to analyze 
SAECKs. Additionally, analysts must be prepared to answer questions on a higher volume 
of cases regarding their findings, including opinions on TSI. 
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1.1.1.1 Reported and Unreported SAECKs 
 When a victim chooses to initiate police involvement, the victim consents to 
cooperate with the police and the kit becomes reported. These kits are analyzed in a timely 
manner by laboratory analysts as described in detail below.  
Unreported kits are those in which a victim declines to have the incident formally 
reported to the police. In October 2016, the Commonwealth of Massachusetts passed 
legislation that increased the amount of time in which unreported SAECKs must be 
preserved from 6 months to 15 years.9 If a victim who initially did not formally report 
subsequently decides to report the alleged assault, the kit is transported back to the 
laboratory and standard processing protocol is followed. Kits involving a victim sixteen 
years-of-age or older are maintained in evidence storage for fifteen years. If the kit remains 
unreported at the end of this storage period, the kit and all of its associated contents will be 
discarded, although a victim may choose to request an extended period of storage in 
writing. Unreported kits belonging to those fifteen years of age and younger are always 
processed by analysts and investigated by the Department of Children and Families (DCF) 
and the Suffolk County District Attorney’s Office (SCDAO) Child Protection Unit. 
Standard protocol is followed during kit analysis and reports are sent to the SCDAO.10  
 
1.1.2 BPD Crime Laboratory Kit Processing 
 The BPD Crime Laboratory may receive SAECKs to be processed that have been 
submitted by the Sexual Assault Unit (SAU), the Medical Examiner’s Office, as well as 
some of the surrounding colleges and universities located in Boston. Criminalists follow a 
9 
standard protocol for analyzing each SAECK as outlined in the “Boston Police Department 
Crime Laboratory Forensic Serology Manual;” however, the presumptive and confirmatory 
testing performed on biological evidence is based upon the analysts’ discretion and the 
circumstances of the case.10  
 
1.1.2.1 Semen Identification 
A typical ejaculation from a healthy male produces approximately 2 to 5 mL of 
semen, comprised of both seminal fluid and spermatozoa. Normal spermatozoa density of 
semen ranges from ten million to one hundred million cells per milliliter.11 The 
identification of sperm proves that a sexual encounter occurred; however, an analyst is not 
able to determine whether or not the act was consensual. Analysts testing for semen on 
evidence swabs utilize the presence of three major seminal components: acid phosphatase 
(AP), spermatozoa, and prostate specific antigen (PSA or p30).  
Presumptive testing for the presence of semen is most widely performed by 
targeting the presence of AP, which is found in highest concentrations in semen. In men, 
AP originates from the prostate gland and is called seminal aid phosphatase (SAP). Acid 
phosphatase can also be detected in other biological sources such as vaginal secretions, 
where it is referred to as vaginal acid phosphatase (VAP).12
 
Positive results have also been 
obtained from samples with fecal matter, bacteria, and fabric dyes.10 Oral, vaginal, and 
anorectal swabs may be tested for the presence of AP upon considering the circumstances 
of the crime, case background, and other information surrounding the investigation. Swabs 
are collected by nurse examiners in duplicate, however, generally only one swab is tested 
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for AP. A single swab is used for laboratory analysis to limit the consumption of evidence 
that may be needed for future testing. Additionally, internal validation studies at BPD have 
demonstrated that testing only a single swab does not result in unreliable or inaccurate 
results, since both swabs are collected simultaneously. Oral swabs are not tested for the 
presence of AP if there is no indication of oral assault, or kit collection was completed 
more than 24 hours after the alleged assault.10  
Per laboratory protocol, moistened filter paper is used to transfer soluble biological 
evidence from the evidence swab to the paper as slight pressure is applied. The filter paper 
is tested directly, and one to two drops of AP Spot Reagent (Serological Research Institute, 
Richmond, CA, USA) is added to the filter paper. AP Spot Reagent is a commonly used 
one-step assay that utilizes the hydrolysis reaction of the Brentamine dye in an D-naphthyl 
phosphate substrate, which in the presence of AP forms a violet product. Results are 
recorded at 5 minutes. A negative result for AP is indicated by the absence of a color change 
or a color change other than purple. Any further testing is based upon the analysts’ 
discretion. A positive result for AP is indicated when a pink/violet color is produced within 
5 minutes. To confirm the presence of semen, further testing is required.10   
When presumptive testing for AP produces a positive result, analysts 
microscopically examine the corresponding smear slide for spermatozoa. Spermatozoa are 
the male gamete and are specific to semen.  Therefore, the microscopic observation of 
spermatozoa confirms the presence of semen. Spermatozoa have two main structures: head 
and tail. The head, comprised of the acrosome and post-acrosomal region, is approximately 
4 – 5 µm in length and 2 – 3 µm in width. The nucleus encompasses 65% of the sperm 
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head. The tail is typically 50 – 55 µm in length which also includes the midpiece, 
approximately 5 µm in length.13  
Analysts at BPD utilize Kernechtrot Picroindigocarmine (KPIC), or Christmas Tree 
Stain, coined from the red and green dyes used, to aid in microscopically visualizing 
spermatozoa. Sperm heads are stained red, with the acrosome staining lighter than the 
posterior region. The midpieces and tails are stained green. Epithelial cells may be 
observed in abundance alongside spermatozoa. The cytoplasm of epithelial cells stain 
green, while the nucleus stains red (Figure 1). A negative result for the microscopic 
examination of spermatozoa is indicated by the absence of spermatozoa observed; further 
testing may be required to determine if semen may be present. A positive result is indicated 
by the observation of spermatozoa; no further serological testing is required as semen has 
been positively identifed.10 
 
A.  B.  
Figure 1. Graphic representation of KPIC staining. (A) Staining pattern of spermatozoa. (B) Staining 
pattern of epithelial cell.  
  
 Following BPD protocol, cases in which an evidence swab is AP positive, but KPIC 
negative, may undergo additional testing. Under these circumstances, analysts utilize the 
OneStep ABACard® p30 Test (Abacus Diagnostics, Inc., West Hills, CA, USA) to test for 
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the presence of p30, another detectable component in semen. Originating from the prostate, 
p30 is a glycoprotein named according to its molecular weight (approximately 30,000 
daltons). Testing for p30 provides a secondary indication of the presence of seminal fluid. 
This testing may be beneficial for semen samples that lack spermatozoa, such as those from 
vasectomized or aspermic males.14
 
  
The ABACard® p30 Test is a lateral flow immunochromatographic assay that produces a 
positive result when an antigen-antibody-antigen sandwich forms at the test area of the 
card, after p30 has bound to an antihuman p30 antibody in the sample well. A positive 
result is indicative of semen; however, p30 has also been detected in human male and 
female urine, blood, fecal material, breast milk, and sweat. Therefore, p30 is not a 
confirmatory test, but is used to indicate the presence of semen and guide further testing. 
10, 11, 15  
 
 1.1.2.2 Other Body Fluid Identification 
Other body fluids commonly encountered and tested for during SAECK processing 
include blood and saliva. Presumptive detection of blood is completed through the use of 
phenolphthalin reagent and hydrogen peroxide, also known as the Kastle-Meyer test, which 
produces a pink color change within 15 seconds in the presence of hemoglobin. 
Confirmatory testing for the presence of blood can be subsequently completed through the 
use of the ABAcard® HemaTrace® test (Abacus Diagnostics, Inc., West Hills, CA, USA), 
an immunochromatographic assay that tests for the presence of human hemoglobin in a 
sample. Finally, BPD Crime Laboratory analysts utilize a radial diffusion assay to test for 
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the presence of amylase, an enzyme found in high concentrations in saliva. Because 
amylase can be found in other bodily fluids, such as fecal matter, semen, and sweat, a 
positive result from the radial diffusion assay indicates, but does not confirm, the possible 
presence of saliva.10  
 Analysts often maintain contact with investigators and the SAU (Sexual Assault 
Unit) during SAECK analysis. Occasionally, SAECK forms may not be completed fully 
or accurately. In these instances, analysts can collaborate with individuals outside of the 
crime laboratory such as police investigators or hospital personnel to gather case specific 
information that can inform SAECK analysis, such as the time of assault or the time of 
previous consensual intercourse. After all applicable testing has been competed on the 
SAECK, a formal report is written and included in the case file.  
 
1.2 Time Since Intercourse Literature 
Forensic biologists may be called to testify about the significance of identifying the 
presence of particular body fluids in a SAECK, and are frequently asked to report the 
amount of time in which spermatozoa can persist in vaginal, anorectal, and oral cavities. 
However, it has become increasingly difficult for analysts to gather reliable information 
about this as much of the previous literature is outdated and utilizes varying sampling 
methods.16, 18-34 Further, the data collected from these studies is overwhelmingly focused 
on vaginal samples, with an apparent lack of anorectal and oral samples. The three most 
frequently encountered types of studies in TSI literature are those involving patients in a 
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medical setting, research volunteers, and forensic casework. The advantages and 
limitations of each sampling method are discussed below.  
It is important to note that TSI studies contain a considerable amount of variation and/or 
subjectivity. Oftentimes, a large portion of studies do not explicitly state or define the 
condition or concentration of spermatozoa were observed. The persistence of semen may 
be studied through the observation of spermatozoa heads or the presence of intact 
spermatozoa. For these reasons, Table 2 includes both data for which intact spermatozoa 
was explicitly stated and those in which the persistence of any spermatozoa was studied.  
 
1.2.1 Medical Screenings and Donor Samples 
Medical screenings, such as fertility studies and Papanicolaou (PAP) smear 
screenings, have been used often in TSI studies. However, they lack the same objective as 
forensic studies. Almost half of the studies reviewed that utilize medical settings and 
volunteers as sampling methods are from the early 1960’s to late 1970’s. Due to the dated 
nature of these cases, many women may have been less likely to openly share their sexual 
histories due to the societal taboos associated with such topics.  It is thought that 
participants would often be embarrassed or unwilling to admit the last time they were 
sexually active, especially if it was so close to a medical appointment, as noted by 
DiFrancesco.16  Utilizing women from a medical setting as a sampling method may have 
been a disadvantage as a majority of doctors during this time period were men. Discussing 
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an intimate topic, such as sexual activity, may be uncomfortable for women, particularly 
during this time period.  
Moreover, research samples do not accurately represent an actual sexual assault. 
Donors are willing participants who are not succumbing to the trauma associated with 
assaults. Volunteers may remain inactive for extended periods of time after intercourse, or 
may not abstain from additional sexual activity during the length of the study. Furthermore, 
TSI study volunteers are most likely experiencing normal ejaculations. However, evidence 
has shown that male perpetrators of rape often exhibit impotence, delayed ejaculation, and 
premature ejaculation, all of which may alter TSI estimations.17 The accumulation of these 
factors results in reported maximum TSI values much greater than anticipated (Table 2). 
One of the oldest TSI resources dates back to 1891, in Genoa, Italy.18 After 
translating the document, DiFrancesco discovered the original author reported a maximum 
TSI of 17 days for finding “living” spermatozoa in vaginal cavities, much greater than one 
would expect.16,18 DiFrancesco indicated that several sources have continued to reference 
the 17 day maximum, oftentimes citing a secondary source rather than the original paper.16, 
19-20 Moreover, Gomez et al. reported a maximum reported TSI for “positive spermatozoa 
examination” at 15 hours (N=11) which was incorrectly reported in Dziak et al. as 16 
hours.21, 22 In his 1963 article, Sharpe reports a unique case of finding vaginal non-motile 
spermatozoa with a maximum of three to four days TSI. However, the data presented is 
“based on extensive review of the literature on this subject and on many years of experience 
on the staff.”19 Therefore, with no cited resources it is unknown whether this information 
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comes from a particular study or internal casework. These examples further augment the 
challenge that analysts face to locate reliable data in the literature.  
Other sources of TSI literature which have cited maximums much greater than one 
would expect. The Forensic Science Handbook cites a maximum time of 19 days in which 
spermatozoa and intact spermatozoa have been reported to persist in the cervix, citing 
Silverman in 1977.23 In 1978, Silverman and Silverman noted the observance of intact 
spermatozoa from cervicovaginal scrapings obtained from OB-GYN patient volunteers at 
greater than or equal to a TSI of 10 days.20  The inclusion of these extreme yet sparsely 
documented outliers in literature has the possibility to adversely affect the forensic 
community when estimating TSI.  
 
1.2.2 Casework Samples 
Analyzing sexual assault casework samples for the persistence of spermatozoa has not 
been absent from forensic literature (Table 2). Casework studies have been the focus of 
recent TSI literature and they often include valuable TSI information for the persistence of 
spermatozoa in anorectal and oral assaults, along with vaginal assaults. Although casework 
studies rely on self-reported data, they may be the most reliable data present in TSI 
literature because they take into account the trauma associated with assaults, which is 
discussed in detail later in this study. Notably, literature which have used casework as a 
sampling method have reported the highest times in which spermatozoa persist.  
The maximum TSI reported in an extensive review of the literature utilizing casework 
samples for the persistence of spermatozoa on an internal vaginal swab was 168 hours.24 
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The maximum TSI reported in the literature for the persistence of spermatozoa on anal and 
oral swabs was recorded at 85 and 27 hours, respectively. However, the authors noted that 
the persistence of spermatozoa on an anorectal sample was rare past 24 hours.25  
A limited amount of casework TSI literature has reported persistence of intact 
spermatozoa on intimate swabs. The maximum reported time for observing intact 
spermatozoa in the vaginal canal was 72 hours (n=1).25 Only two other sources had 
examined vaginal samples for intact spermatozoa, both reporting maximum TSI values of 
27 hours.24, 25 The maximum TSI for the persistence of intact spermatozoa on anal and oral 
swabs was recorded at 40 and 4 hours, respectively.24 Furthermore, there is a great need 
for additional studies focused on anorectal and oral assault samples, as seen by the 
significant gap in literature. 
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Table 2. Time since intercourse literature review. Maximum TSI values documented for persistence of 
spermatozoa and intact spermatozoa for vaginal, anorectal, and oral cavities. 
1= reported unlikely to persist beyond 24 hour   2= one case at 113 hours, but patient was ill/prone 
3= only analyzed cases in which TSI was within 15 hours (N=11)   4= cervicovaginal samples 
 
Author Sample 
Vaginal 
Persistence 
(hrs) 
Anorectal 
Persistence 
(hrs) 
Oral 
Persistence 
(hrs) 
Vaginal 
“Intact” 
Persistence 
(hrs) 
Anorectal 
“Intact” 
Persistence 
(hrs) 
Oral 
“Intact” 
Persistence 
(hrs) 
Williot & 
Allard 
(1982)26 
Casework 
120 
(internal & 
external) 
46 (anal) 
65 (rectal) 
6 (buccal) 
9 (lips) 26 (at least 1) 
Rare to find 
after 6 hours  
Hellerud et 
al. (2011)27 Casework 
96 
(vaginal/cervica
l swabs) 
     
Gingras et 
al. (2009)28 
Sexual 
Assault 
Cases 
100 47 15    
Casey at al. 
(2017)25 
Casework 
 96 85
1 27 72   
Allard 
(1997)24 
Sexual 
Assault 
Cases 
168 21-26 (internal anal)2 27 26 40 4 
Wilott & 
Crosse 
(1986)29 
Oral Assault 
Cases   
8 (swab) 
13 (saliva)    
Enos & 
Beyer 
(1977)30 
Sexual 
Assault 
Cases 
  6    
Davies & 
Wilson 
(1974)31 
Staff 
Volunteers3 144   72   
Gomez et 
al. (1975)21 
OB-GYN 
Volunteers 15
4      
Sharpe 
(1963)19 
Lit. 
Review/Staf
f Experience 
72-96 24     
Allery 
(2001)32 
Infertility 
Clinic 
Volunteers 
725      
Silverman 
& 
Silverman 
(1978)20 
OB-GYN 
Volunteers ≥10 days   ≥10 days   
Morrison 
(1972)33 
Clinic 
Volunteers 9 days      
Berrena 
(2015)34 Donors 119.6   6.7   
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2. MATERIALS AND METHODS 
2.1 Experimental Design 
Between the years of 2009 and 2017 the Boston Police Department Crime 
Laboratory received over 1,800 reported SAECKs. Of these cases, over 500 kits met the 
qualifications to be used in this study. These requirements included: a living victim, sperm 
were previously microscopically identified during original kit processing, and the victim 
chose to report the assault and consented to police involvement in the case. A Microsoft® 
Excel workbook was generated to compile data about previous testing, kit contents, and 
assault information. The majority of cases received by the BPD Crime Lab are 
Massachusetts SAECKs. In the few cases in which kits were collected in other states, 
appropriate information was recorded using the comparable forms.  
 
2.2 Phase I: Time Since Intercourse Framework 
Phase I of this study aimed to develop a reliable framework for estimating TSI by 
examining the persistence of intact spermatozoa on kit smear slides. Sexual assault 
evidence collection kit smear slides that corresponded with the assault described in kit 
forms were stained with KPIC, or Christmas Tree Stain, in accordance with the BPD 
Forensic Serology Manual.10  
Smear slides were chosen as the focus of this study as they are arguably the freshest 
form of evidence in a SAECK. Internally prepared swab extract slides at the BPD crime 
laboratory require analysts to remove portion of the swab, centrifuge the sample twice, and 
resuspended to isolate any potential cellular material.10 Any spermatozoa present on smear 
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slides do not undergo the mechanical stresses associated with centrifugation and agitation, 
and will more accurately represent the morphological state of spermatozoa present at the 
time of collection. Moreover, a previous study indicated that a greater average number of 
intact spermatozoa were observed on vaginal, anorectal, and oral smear slides compared to 
their corresponding extract slides.35 For these reasons, TSI can be more accurately 
estimated using smear slides prepared by a medical professional.  
Smear slides received in SAECKs are prepared in duplicate, therefore, each slide 
was stained and microscopically examined one at a time in its entirety for the presence of 
intact spermatozoa. Only one of the duplicate slides needed to have the observation of 
intact spermatozoa in order for the sample to be considered “tail positive”. Beginning in 
2016 a new smear slide was introduced to kit collection. In these cases, only the designated 
sample deposition circles were examined (Figure 2).  
 Additional information from kit collection forms was collected, such as type of 
assault reported indicated on Form 2A (Appendix A), and original kit processing results 
(KPIC positive/negative, sperm score, etc.).  
Smear slides were examined under 400x magnification for the presence of intact 
spermatozoa. Smear slides in which any number of intact spermatozoa were observed 
microscopically were deemed “tail positive” to avoid the subjectivity of the sperm scoring 
system. Those kits that simply had observed sperm heads were deemed “head positive.” 
All kits were compiled based on their assault type, along with the corresponding reported 
time since assault.  
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A.                 B.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Graphic representation of SAECK smear slides. (A) Two smear slides used in SAECKs from 
2009 – 2016. (B) Single smear slide used in SAECKs from 2016 – present.  
 
 
2.3 Phase II: Intact Spermatozoa and Activity 
 
Phase II, to assess the relationship between a victim’s reported post coital activities 
completed before kit collection and the persistence of intact spermatozoa on smear slides, 
was completed by collecting an exhaustive variety of information from SAECK Forms 2A, 
2B, and 3 (Appendix A - C). This information was compiled in an Excel workbook. The 
information gathered includes: time and date of the alleged assault, time and date of kit 
collection, time between the alleged assault and SAECK collection, type and number of 
activities completed before kit collection, time since last consensual intercourse, type of 
alleged assault (vaginal, anal, oral), and if ejaculation occurred (vaginally, anally, orally, 
or externally). Additional information was compiled for all “tail positive” kits, such as the 
type and total number of activities completed.  
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3. RESULTS  
3.1 Time Since Intercourse 
 To establish guidelines in which TSI can be reliably estimated for living sexual 
assault victims, smear slides were microscopically examined for the presence of intact 
spermatozoa. Five hundred and eleven SAECKs met the qualifications to be examined in 
this study. A total of 324 kits had observed intact spermatozoa on vaginal, anorectal, or 
oral smear slides, or any combination of these three. A general overview of results is 
depicted in Table 3, showing the total number of kits in which intact spermatozoa were 
observed at each time interval.   
 
Table 3. Number of kits per collection time interval in which intact spermatozoa were observed on 
smear slides.  
 
TSI  
(hours) 
Vaginal Kits  Anorectal Kits  Oral Kits 
N % N % N % 
0 - 12 160 53.16 15 78.95 3 75 
12.25 - 24 95 31.56 4 21.05 1 25 
24.25 - 36 23 7.64 0 0.00 0 0 
36.25 - 48 12 3.99 0 0.00 0 0 
48.25 - 72 7 2.33 0 0.00 0 0 
72.25 - 96 3 1.00 0 0.00 0 0 
96.25+ 1.00 0.33 0 0.00 0 0 
Total 301 100 19 100 4 100 
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3.1.1 Vaginal Smear Slides Results 
Intact spermatozoa were observed on the vaginal smear slides of 301 kits. The 
calculated average TSI in hours as reported by the victim during kit collection was 15.96 
(95% Confidence Interval (CI) 14.25 to 17.67). The reported TSI values ranged from 0.5 
– 105 hours. Vaginal smear slides with only spermatozoa heads (“head positive” kits) were 
observed on 198 SAECKs. The average reported TSI for kits in which spermatozoa heads 
were observed was 20.62 hours. (Figure 3).  
 
Figure 3.  Sperm positive vaginal kit data spread. Data presented represents relevant statistics on the 
reported TSI for “tail positive” (n=301) and “head positive” (n=198) SAECKs submitted to BPD between 
the years of 2009 and 2017. 
 
 
A total of 53.16% of kits with intact spermatozoa on smear slides had reported TSI 
values between 0 – 12 (n=160), 31.56% between 12- 24 hours (n=95), and 7.64% between 
24 – 36 hours (n=23). The remaining were observed between 36 – 105 hours (n=23). 
Additionally, 96.35% of tail positive vaginal kits were collected up to 48 hours after the 
assault. 
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A total of 54.04% of head positive vaginal kits had reported TSI values between 0 
and 12 hours (n=107), 22.72% between 12 and 24 hours (n=45), 7.5% between 24 and 36 
hours (n=15), 6.5% between 36 and 48 hours (n=13), and 5% between 48 and 72 hours 
(n=10). The remaining had reported TSI between 72 – 128.5 hours (n=8). Figure 4 displays 
the percentage of tail positive and head positive vaginal kits at each TSI interval range.  
 
Figure 4. Reported time since intercourse intervals for tail positive and head positive vaginal 
kits. A total of 198 vaginal kits had spermatozoa head observed on smear slides. A total of 301 vaginal kits had intact spermatozoa observed on smear slides. 
 
Given the large spread of reported TSI values, outliers were determined for tail 
positive vaginal kits using first and third quartile of the data set for vaginal assault kits in 
which intact spermatozoa were observed on smear slides. The first quartile is the median 
value that separates the median of the entire data set and the lowest value. The third quartile 
is the median value which separates the median of the entire data set and the highest value. 
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By applying the quartiles and calculating the interquartile range, it was determined that any 
reported TSI value beyond 46.3 hours is a minor outlier and those beyond 70.5 hours are 
major outliers.  
A two-sample t-test assuming unequal variances was calculated to determine any 
statistical significance which may exist between the mean reported TSI for head positive 
kits and tail positive kits (20.62 and 15.96 hours, respectively). This yielded a p-value of 
0.029. Therefore, since the p-value is less than 0.05, it is appropriate to reject the null 
hypothesis (H0 = no statistical significance exists between the two means) resulting in a 
statistical significance between the two means. This indicates that the average observation 
of intact spermatozoa occurs at earlier time intervals. The spread of data overlaying both 
kits with spermatozoa heads and intact spermatozoa is shown in Figure 5. 
26 
 
Figure 5. Vaginal tail positive and head positive reported TSI per SAECK. An arbitrary kit number of 
1-301 was assigned to each tail positive SAECK, and 1-198 to each head positive SAECK in order to plot 
the reported TSI.  
 
 
Correlation values (R2) were calculated to analyze any potential relationship which 
may exist between both the presence of spermatozoa with tails and those without tails with 
time. Correlation values range from -1 to 1. Values which fall closer to 1 indicate a strong 
correlation, while those that fall closer to -1 have a weak correlation. Based on the data 
from this study, a slightly stronger correlation exists between the presence of spermatozoa 
heads and collection time (R2 = 0.63291, Figure 6). Additionally, a correlation exists 
between the persistence of intact spermatozoa and collection time (R2 = 0.60512, Figure 
7).  
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Figure 6. TSI intervals of tail positive vaginal kits. A total of 301 tail positive vaginal kits were organized 
by TSI intervals. A correlation between intact spermatozoa and time is shown, R2 = 0.60512.  
 
  
Figure 7. TSI intervals of head positive vaginal kits. A total of 198 head positive vaginal kits were 
organized by TSI intervals. A slightly stronger correlation between spermatozoa heads and time is shown, R2 
= 0.63291. 
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3.1.2 Anorectal Smear Slides Results 
Intact spermatozoa were observed on the anorectal smear slides of 19 kits. The 
calculated average TSI in hours as reported by the victim during kit collection was 7.9 
(95% Confidence Interval (CI) 5.64 to 10.16). The reported TSI values ranged from 1.5 – 
17.75 hours. Anorectal smear slides with observed spermatozoa heads (“head positive” 
kits) totaled 28 SAECKs. The average reported TSI for kits in which spermatozoa heads 
were observed was 11.71 hours (95% CI 9.53 to 13.89). The reported TSI vales ranged 
from 4 – 27 hours.  
A total of 36.84% of tail positive anorectal kits collected within the first 6 hours of 
assault (n=7), 42.11% within 6 to 12 hours after the assault (n=8), and 21.05% within 12 
to 18 hours after assault (n=4). Anorectal smear slides with only spermatozoa heads (“head 
positive” kits) were observed on 28 SAECKs. A total of 21.42% of kits had reported TSI 
values between 0 and 6 (n=6), 42.85% between 6 and 12 hours (n=12), 25.00% between 
12 and 18 (n=7), 3.57% between 18 and 24 (n=1), and 7.14% beyond 24 hours (n=2). The 
maximum reported TSI value was 27 hours. Figure 8 displays the percentage of tail positive 
and head positive vaginal kits at each TSI interval range.  
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Figure 8. Reported time since intercourse intervals for tail positive and head positive anorectal kits. A 
total of 19 anorectal kits had intact spermatozoa observed on smear slides. A total of 28 anorectal kits had 
spermatozoa heads observed on smear slides. 
 
A two-sample t-test assuming unequal variances was calculated to determine any 
statistical significance which may exist between the mean reported TSI for head positive 
kits and tail positive kits (7.9 and 11.71 hours, respectively). This yielded a p-value of 
0.023. Therefore, it is appropriate to reject the null hypothesis (H0 = no statistical 
significance exists between the two means) resulting in a statistical significance between 
the two means. The spread of data overlaying both head positive and tail positive kits are 
shown in Figure 9. 
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Figure 9. Anorectal tail positive and head positive reported TSI per SAECK. An arbitrary kit number of 
1-19 was assigned each to tail positive SAECK, and 1-28 to head positive each SAECK in order to plot the 
reported TSI.  
 
Correlation values (R2) were calculated to analyze any potential relationship which 
may exist between both the presence of spermatozoa with tails and those without tails with 
time. Based on the data from this study, a correlation exists between the presence of intact 
spermatozoa and collection time (R2 = 0.51923, Figure 10). Additionally, a correlation 
exists between the persistence of spermatozoa heads and collection time (R2 = 0.46762, 
Figure 11).  
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Figure 10. TSI intervals of tail positive anorectal kits. A total of 19 tail positive anorectal kits were 
organized by TSI intervals. A correlation between intact spermatozoa and time is shown, R2 = 0.51923.  
 
 
 
Figure 11. TSI intervals of head positive anorectal kits. A total of 28 head positive anorectal kits were 
organized by TSI intervals. A correlation between intact spermatozoa and time is shown, R2 = 0.46762.  
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3.1.3 Oral Smear Slides Results 
Intact spermatozoa were observed on the oral smear slides of 4 kits. The calculated 
average TSI in hours as reported by the victim during kit collection was 6.9 (95% 
Confidence Interval (CI) 2.47 to 11.33). The reported TSI values ranged from 3.75 to 13.5 
hours. Oral smear slides with observed spermatozoa heads (“head positive” kits) totaled 12 
SAECKs. The average reported TSI for kits in which spermatozoa heads were observed 
was 10.95 hours (95% CI 7.03 – 14.87). The reported TSI values ranged from 1 – 21.5 
hours. Additional statistics were not completed on this sample set due to small sample size.  
 
3.2 Persistence of Intact Spermatozoa and Activity 
In order to assess any potential significance between the activities a victim 
completed before kit collection and the presence of intact spermatozoa on smear slides, the 
total number of activities completed was compared to the reported TSI. In the standardized 
form used during kit collection, a victim may report he or she completed a number of 
activities, including: changed clothes, bathed/showered, washed off, brushed teeth, used 
mouthwash, taken in fluid, vomited, smoked cigarettes, urinated, douched, defecated, used 
an enema, or brushed/washed hair. The victim may also report “other” activities completed, 
such as using a vaginal douche or taking a walk.  
The significance between observing intact spermatozoa on a SAECK smear slide 
and completed post coital activities was assessed only for vaginal assaults because it is the 
largest sample set. The most frequent number of activities completed for vaginal smear 
slides in which intact spermatozoa was observed was 2 (N=51) with an average TSI of 
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12.64 hours. Only one victim reported completing 11 activities and no victims had 
completed 12 or more activities. It is important to note that it is not known whether the 
absence of any documented activities is due to error in filling out SAECK forms or if none 
of the specified activities were actually completed. Nonetheless, a general trend is observed 
between the number of completed activities and average TSI reported (Figure 12).  
 
 
Figure 12. Average reported TSI and total activities completed. A total of 301 vaginal assault kits were 
analyzed. Numbers with green boxes indicate the total number of kits which have reported the given number 
of activities. Two victims completed 10 activities, one victim completed 11 activities, and no victims 
completed 12 activities.  
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4. DISCUSSION 
4.1 Boston Police Department 2009 – 2017 SAECK Casework Review  
Based on the casework received by BPD Crime Laboratory between the years of 
2009 and 2017 the maximum time in which intact spermatozoa were observed on smear 
slides for vaginal, anorectal, and oral assaults is 105, 17.75, and 13.5 hours, respectively.  
Many professionals, including the analysts at BPD utilize the 24 hour “rule of 
thumb” in regards to the expectation of observing intact spermatozoa associated with 
vaginal assaults. However, only about 85% of tail positive vaginal kits from this study had 
been collected within the first 24 hours of assault. Another 7.64% of vaginal assault kits 
had reported TSI up to 36 hours. Additionally, an internal study at the BPD Crime 
Laboratory identified that an average of 69% of all SAECKs from 2009 to 2017 were 
collected within the first 36 hours of assault, resulting in a limited sample size for 
evaluation during the later portions of the collection window (the total number of kits 
collected for 2010 and 2014 was not available). With this in mind, a potential explanation 
for the low percentages of spermatozoa positive kits collected at higher TSI values is that 
a majority of women who have a SAECK collected do so within the first 24 to 36 hours. 
Thus, there are relatively few kits collected between 36 and 120 hours TSI, and per 
Massachusetts policy, none are supposed to be collected after 120 hours. 
 In keeping with the literature, the data from this study indicated the persistence of 
spermatozoa heads is longer than that of spermatozoa with tails for all sample locations. 
The data presented here revealed that a strong correlation exists between both the 
persistence of intact spermatozoa and spermatozoa heads on vaginal and anorectal smear 
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slides included in the study and time, as demonstrated by the R2 values. Furthermore, 
statistical significance exists between the mean reported TSI of vaginal and anorectal head 
positive and tail positive kits. Ultimately, the data from this study has shown spermatozoa 
heads persist on average longer then intact sperm. While intact spermatozoa were more 
commonly observed within the first 36 hours after alleged assault, in some cases they 
persisted beyond 4 days.  
 
4.1.1 Time Since Intercourse Review 
In the casework literature, the maximum time in which spermatozoa persisted in 
the vaginal canal was 168 hours (7 days), which is approximately a day and a half greater 
than what was observed in this study (128.5 hours).24 However, no data is available in this 
study for the persistence of spermatozoa in the vaginal canal beyond this timepoint as 
Massachusetts policy is to collect a SAECK up to 120 hours. Nonetheless, the data from 
this study supports spermatozoa persisting in the vagina up to 5 days post coitus, which 
reinforces the rationale for this policy.  
The maximum time in which spermatozoa have been reported to persist in the 
anorectal and oral cavities is 85 and 27 hours, respectively, as reported by Casey et al.25 
However, they also noted that it was rare to observe spermatozoa in the anorectal cavity 
past 24 hours, which is similar to what was observed in this study (27 hours). Furthermore, 
the maximum time in which spermatozoa were observed in the oral cavity aligns closely 
in this study with literature (Table 4).25 
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Table 4. Maximum TSI reported in literature and BPD study. 1 Observing spermatozoa in the anorectal 
cavity past 24 hours was rare.  
 
Assault 
Type 
Literature Maximum (hrs) BPD Study (hrs) 
Heads Tails Heads Tails 
Vaginal 168 (Allard, 1997) 
72 
(Casey et al., 2017) 128.5 105 
Anorectal 85
1 
(Casey et al., 2017) 
40 
(Allard, 1997) 27 17.75 
Oral 27 (Casey et al., 2017) 
4 
(Allard, 1997) 21.5 13.5 
 
 
As expected, the persistence of intact spermatozoa in this study was highest in the 
vaginal cavity. The maximum time cited in literature in which intact spermatozoa have 
been reported to persist in the vaginal cavity is 72 hours (n=1).25 This study found intact 
spermatozoa to persist in the vaginal canal at a maximum of 105 hours.  
The maximum reported TSI in literature for observing intact spermatozoa for an 
anorectal assault was 40 hours, over 24 hours longer than observed in this study.24 This 
may be due the small sampling size of anorectal assaults available. Therefore, a greater 
sample set size is needed to indicate the significance of this finding due to the discrepancy 
when compare to literature.  
The maximum time reported in literature in which intact spermatozoa were 
observed for oral assault is 4 hours, which when compared to this data is 9.5 hours shorter. 
However, the only data available for the persistence of intact spermatozoa from the oral 
cavity is from 1997, over two decades old.24 The rarity of observing intact spermatozoa in 
the oral cavity combined with the limited amount of research adds to the challenge analysts 
encounter when searching for TSI literature. 
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For both the persistence of spermatozoa heads and intact spermatozoa, the highest 
times reported are of those which utilized casework as sampling methods. This further 
emphasizes the importance of analyzing casework samples as reflect a plethora of variables 
that may not be accurately simulated in other sampling methods. However, casework relies 
on self-reported TSI data which may be unintentionally distorted due to the physiological 
and psychological processes associated with a traumatic event. Therefore, forensic analysts 
should take caution that the TSI data presented using casework based studies are not exact 
timeframes.   
 
4.1.2 Persistence of Intact Spermatozoa and Completed Post-Coital Activities 
 The effect of completed post-coital activities on the persistence of intact 
spermatozoa was assessed only for tail positive vaginal samples, as it was the largest 
sample set (n=301). A general trend was observed that as the total number of post-coital 
activities increased, as did the average TSI value. Victims who reported 10, 11, and 12 
completed post coital activities were not analyzed in this manner due to the small sample 
size (n=3). This trend is most likely due to the greater amount of time available to complete 
more activities. Furthermore, considering that as TSI increased the observation of intact 
spermatozoa decreased, it may be hypothesized that completing a greater number of 
activities before kit collection may be associated with a decreased observance of intact 
spermatozoa. 
The entire culmination of post-coital activities was taken into consideration even 
though several of the activities are not directly be associated with the vagina. Activities 
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that are directly associated with the vagina, such as douching, have previously been 
associated with seminal component loss.20 Other activities such as brushing teeth, 
bathing/showering, and smoking cigarettes are primarily completed in an upright position 
which may result in increased vaginal drainage compared to activities that take place lying 
down. Drainage and vaginal dilution has been found to be a contributor to vaginal loss of 
seminal components.20,31 Therefore, the culmination of these activities cannot be 
overlooked. 
 
4.2 Trauma and Nature of Assaults 
Given the limitation that sexual assault casework data relies entirely on self-
reported data, the time since intercourse values reported during kit collection are not exact 
nor controlled timelines that scientists typically require during scientific studies.  
According to the 2017 “Adult Sexual Assault Law Enforcement Guidelines” a 
traumatic event is defined as “an experience that causes physical, emotional, psychological 
distress or harm.”4 The types of offenses reported in this study that resulted in the collection 
of a Massachusetts SAECK included “rape female force,” “statutory rape,” “rape male 
force,” “rape female drugging,” and several others. Given the traumatic nature of these 
crimes and the psychological effects on the brain, it is likely that the reported time of assault 
is not consistently reliable, at no fault of the victim. Analysts should recognize that the 
timeframe in which the alleged assault occurred may not be exact. As a result, analysts 
should view the reported TSI conservatively. 
39 
This trauma can cause incomplete or fragmented memories of the assault by the 
fear circuitry of the brain gaining control and impairing, or completely shutting down, 
normal activity of the brain. During a traumatic event, the prefrontal cortex, amygdala, and 
hippocampus are impaired by the release of stress chemicals. This causes victims to quickly 
react without considering potential options, experience tunnel-vision, respond with 
reflexes, called “passive habits,” and improperly remember the sequence of events.36,37 
Some “passive habits” noted during data collection included the victim, in an attempt to 
avoid the assault, repeating they “didn’t feel good” or would “give [the perpetrator] their 
phone number.” Victims of assault may remember in vivid detail what happened 
immediately before and after the assault, but the event itself, which Jim Hopper refers to 
as “periphery details,” may be poorly encoded or reported inconsistently during interviews. 
The cases which involve victims under the influence of drugs or alcohol have no effects on 
the negative impairments on the fear circuity, unless the victim is unconscious.36,37 
In their 2017 Special Report, the U.S. Department of Justice identified that between 
the years of 2005 and 2014, 15.8% of sexual assault victims had been a repeat victim of a 
previous rape or sexual assault.38 Oftentimes, victims of sexual assault may be diagnosed 
with post-traumatic stress disorder (PTSD) or display symptoms of PTSD. PTSD 
symptoms are most frequently observed closer to the time of assault and declines over 
time.39 – 41 Victims of traumatic experiences who have been diagnosed with PTSD face 
great difficulty in describing the traumatic event and are unlikely to verbally communicate 
details of a traumatic experience, compared to those without. However, the victims more 
often are able to relive the traumatic experience through sounds, smells, and visual images. 
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Moreover, as time since the traumatic event passed, a clearer narrative of the event 
developed.42 For this reason, investigators at BPD interview victims immediately and, 
when possible, follow up with the victim a few days later in the hopes of unveiling a more 
detailed description of events.  
 
4.3 Additional Findings  
Other notable findings were observed during the data collection portion of this 
study and are described below.   
 
4.3.1 Morphological Abnormalities of Spermatozoa  
Approximately 60% of spermatozoa from a normal male have typical morphology. 
Therefore, spermatozoa with morphological abnormalities are frequently observed.11 The 
three categories of spermatozoa morphological abnormalities include head and tailpiece 
abnormalities and immature spermatozoa. A head morphological abnormality commonly 
observed during this study was a malformation of post-acrosomal region. The post-
acrosomal region contains the nucleus and, therefore, may be considered a nuclear 
abnormality as the nucleus is presumed to be in irregular form. Spermatozoa of this type 
of abnormality often take the shape of mushrooms, dumbbells, and bullets13 (Figure 13).  
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Figure 13. Microscopic view of spermatozoon with malformation of post-acrosomal region. 
Spermatozoon examined under 400x magnification using KPIC staining.  
 
 
The two most frequent tailpiece abnormalities observed while conducting this 
research were tailpiece length variation and lengthened neckpiece. Coiled tailpieces were 
also observed. Variations of tailpiece lengths may be shorter or longer than the typical 55 
µm. Figure 14 demonstrates spermatozoa with varying tail lengths from one sample. 
Spermatozoa with lengthened neckpieces are observed with an elongated filament at the 
base of the headpiece, which oftentimes results in the headpiece to fall backwards (Figure 
15).13  
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Figure 14. Microscopic view of spermatozoa with varying tailpieces. Tailpieces observed are shorter 
and longer than the normal 55 µm length. KPIC stain. 400x.  
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Figure 15. Microscopic view of spermatozoon with lengthened neckpiece abnormality. Spermatozoon 
(left center) observed with lengthened neckpiece and backwards fallen headpiece. KPIC stain. 400x.  
 
Spermatozoa with coiled tailpieces were also observed during the progression of 
the study, however, with lower frequency. Tailpieces with this abnormality often curl 
underneath the head piece or may surround the entire cell.13 
 
4.3.2 Bacteria and Yeast  
 Candida albicans (C. albicans) is a form of yeast that lives in the throat, gut, and 
vagina of humans, usually in a symbiotic nature. However, it is possible for C. albicans to 
overgrow and disrupt normal balance of the vagina, causing yeast infections.43 Candidias 
has been found to be significantly associated with drug addiction, obesity, use of oral 
contraceptives, use of antibiotics, pregnancy, and diabetes mellitus.44 Although not 
specifically sought after, the presence of yeast cells were frequently observed throughout 
the duration of this study.  
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 Lactobacillicus is a rod-like bacterium often present on healthy vaginal swabs and 
scrapings. Four species of lactobacillicus, L. crispatus, L. gasseri, L. jensenii, and L. 
vaginalis, were found to contribute to the acidic pH of the vagina which in turn, creates a 
growth-inhibiting environment for other organisms.45,46 Rod-like bacteria were frequently 
observed on vaginal smear slides (Figure 16).  
 
 
Figure 16. Microscopic view of rod-like bacteria. The rod-like bacteria is observed surrounding the 
spermatozoon. KPIC stain. 400x.  
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5. CONCLUSIONS 
 The TSI values reported in this study are based on casework evidence received by 
the BPD Crime Laboratory between the years of 2009 and 2017. The casework samples 
that qualified for this study each contained spermatozoa that was observed microscopically 
by a BPD analyst during routine kit processing, involved a living victim, and had smear 
slides prepared by a medical professional.  
Based on the casework received in this study, the maximum reported TSI value in 
which spermatozoa heads (n=198) and intact spermatozoa (n=301) were observed on 
vaginal smear slides was 128.5 and 105 hours, respectively. However, approximately 69% 
of all SAECK received by BPD were collected within the first 36 hours of assault, so only 
about a third of all kits could be evaluated with kits that were collected beyond the first 
two days. Additionally, approximately 96% of tail positive kits in this study were collected 
within the first 48 hours of assault.   
The maximum reported TSI in which spermatozoa heads (n=28) and intact 
spermatozoa (n=19) were observed on anorectal smear slides in this study was 27 and 17.75 
hours, respectively.  
The maximum reported TSI for observing spermatozoa heads (n=12) and intact 
spermatozoa (n=4) on oral smear slides in this study was 21.5 and 13.75 hours, 
respectively.  
 The evidence identified in this study has given analysts at BPD a more reliable time 
frame in estimating persistence of spermatozoa in cases involving living sexual assault 
victims. While a majority of cases exhibiting sperm were observed within the first 36 hours 
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after alleged assault, in some cases they persisted beyond 4 days. With the completion of 
this study, analysts now have more confidence in their knowledge of spermatozoa 
persistence in the vaginal, anorectal, and oral cavities, which, in turn, may more accurately 
assist investigators with timelines and sequences of events. As outliers can occur and were 
observed in this study, analysts should be mindful of those possibilities when offering 
opinions on TSI. 
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6. FUTURE DIRECTIONS 
In order to enlarge the sample sets for vaginal, and most importantly, anorectal and 
oral assaults, TSI analysis data collection at the Boston Police Department should be 
continued into the future. Additionally, examining the TSI of semen negative SAECKs 
may better give significance to the SAECKs that had reported TSI values past 3 or 4 days. 
Doing so may allow forensic scientists to more accurately understand the significance of 
observing intact spermatozoa and sperm heads at longer post-coital intervals. This may be 
best conducted with support from other crime laboratories in jurisdictions that permit the 
collection of SAECKs beyond 120 hours from the assault. As the sample size increases for 
each assault type, the TSI frameworks in which an analyst can expect intact spermatozoa 
to persist may narrow. This ultimately would provide investigators with a more precise 
time frame estimate and timeline of events.  
Furthermore, additional experimentation associated with post-coital activity and 
persistence of intact spermatozoa may prove helpful to more reliably understand the 
relationship between the two. Additional research into the psychology of sexual assault 
survivors may help analysts and investigators understand the best ways to interpret reported 
data.  
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